Results

Light microscopic observations
In the tooth germs of juveniles, light microscopic observations were mainly done during the stage of matrix formation, that is, the period in which the matrix of the tooth is continuously formed before onset of mineralization, and stage of maturation, that is, the period after the beginning of mineralization of the outermost layer, because the stage of mineralization, that is, the period from the onset of mineralization of the tooth cap till the beginning of mineralization of the outermost layer, is very brief in the case of dog salmon.
In the stage of matrix formation, the matrix of the tooth, which was well stained with eosin, aniline blue and acid fuchsin, was formed at the tip of the tooth (Fig. 1a) .
The i. d. e. cells became taller and the nuclei came to occupy a proximal portion. In particular, at the tip of the tooth, i. d. e. cells became tall columnar cells and the nuclei free zones at the distal portions of cells became almost as long as the proximal parts containing the elongated nuclei. Ergastoplasm could be seen at the distal portions of the cells (Figs. la, b) . A number of dental papilla cells corresponding to the thin tooth matrix between i. d. e. cells and dental papilla were seen in the basal portion and the apical portion of the dental papilla, the cells corresponding to the thick tooth matrix differentiated into odontoblasts. Although, in the narrow tooth matrix, the long processes of odontoblasts were evident, the long processes of odontoblasts disappeared from the thick tooth matrix being formed at the apical portion (Figs. 1a, b) .
In the stage of maturation, it was found that remarkably taller and clear i. d. e. cells in the shape of cap surrounded the tip of the tooth (Figs. 1c, d ). The nuclei of the cells became smaller and the clear nuclei free zones at the distal portions of the cells became longer than those in the stage of matrix formation. The cell membranes facing adjacent cells were straight and large vacuoles could frequently be seen at the distal portions of the cells.
In observations of demineralized sections, the tip portions of teeth surrounded by such tall and clear cells were observed as a clear portion which was not stained with aniline blue in Azan stain and acid fuchsin in Van Gieson stain or was weakly stained with hematoxylin in H-E stain (Figs. lc, e) . The boundary between the clear portion and the well-stained portion was distinct in the tooth matrix (Figs. 1c, e) . The remarkably tall and clear i. d. e. cells were only seen at the tip of the tooth during the stage of maturation. Other i. d. e. cells corresponding to the mineralized portion at the shaft of the tooth did not exhibit remarkable change except for an increase of cell length and still resembled the form of the cells in the stage of matrix formation (Figs. lc, d ). Well-developed odontoblasts occupied the apical half of the dental papilla facing the thick tooth matrix (Figs. 1c, d) . The short processes of odontoblasts could be seen in the limited tooth matrix around the dental papilla, but long processes were absent in the tooth matrix (Figs. 1c, d ). As the shaft portion was formed before eruption, the i. d. e. cells facing the tooth surface were reduced and became short columnar or cubic cells (Fig. 1f) .
The erupted teeth of juveniles were small conical teeth fusing with the jaw bone and mainly consisted of homogeneous dentin, in which cell bodies and processes of cells were not seen, and a wide pulp cavity. In observations of demineralized sections of these teeth, a clear portion could be frequently seen at the tip and the tip of the tooth seemed to be absent (Fig. 2a) .
On the other hand, in both erupted teeth and tooth germs of adult fish, no clear area, unstained by the various stain methods, existed at the tip of the tooth (Figs. 2b, c, d ). The tips of adult teeth were always pointed even after demineralization treatment. The tall and clear i. d. e. cells surrounding the tip of tooth were not seen in the tooth germs of adult fish (Fig. 2b) . The erupted teeth of adult fish mainly consisted of an outer layer, that is, homogenous dentine like juvenile teeth, an inner layer, that is, vasodentine, and a relatively narrow pulp cavity (Figs.  2c, d) . A remarkable pedicle showing an intermediate structure between vasodentine and jaw bone could be seen in adult fish (Fig. 2d) .
Microradiograms of teeth of juveniles showed that the tips of the teeth were radiopaque and might be highly mineralized (Fig:  2e, arrows) . On the other hand, in the microradiograms of the teeth of adult fish, the tips of the teeth were not seen to be radiopaque, in spite of the fact that the outer layer (homogenous dentine) was more radiopaque than the inner layer (vasodentine) (Fig.  2f ).
Scanning electron microscopic observations
In the case of erupted teeth in juveniles, the tips of the teeth with no treatment were pointed and the surfaces were smooth (Fig.  3a) . After demineralization, however, the ti- ps of the teeth became cylindrical (Fig. 3 b) or rounded being covered with a filmy structure (Fig. 3 c) .
3. Transmission electron microscopic observations Transmission electron microscopic observations were only carried out on the tooth germs in juveniles during the stages of matrix formation and maturation, because it was difficult to obtain fresh tooth germs in adults and the stage of mineralization was very brief in dog salmon.
In the early stage of matrix formation, the •2200.
Golgi apparatus, mitochondria and free ribosomes in cytoplasm around the nuclei (Fig.  4a) . The i. d. e. cells became taller and the nuclei became located in the proximal portion as the thickness of the tooth matrix between the i. d. e. cells and odontoblasts increased (Fig. 4b) . Then, the nuclei free zones at the distal portions of the cells became almost as long as the proximal parts containing the nuclei.
The chief organelles were rough endoplasmic reticulum, mitochondria and Golgi apparatus in the distal cytoplasm (Fig. 5a ). The profiles of many rough endoplasmic reticula were parallel to the long axis of the cells and elongated mitochondria containing tubular crista were usually present (Fig. 5b) . Golgi elements appeared increasingly in the distal portions of the nuclei and Golgi lamellae, vesicles, vacuoles, condensing vacuoles, secretory granules containing the electronlucent flocculent or fine granular materials, lysosome-like bodies and multivesicular bodies were always seen in the Golgi apparatus (Fig. 6a) . Spindle-like bodies containing a filamentous substance were often seen in the Golgi apparatus. Most of the filaments and microtubules seen in the cytoplasm were arranged parallel to the long axis of the cells.
Large secretory granules, about 2300-3000 A in diameter, containing electron-lucent flocculent or fine granular material and primary lysosome-like bodies, about 3000-4000 A in diameter, containing electron-dense granular material, were usually present in the distal cytoplasm (Fig. 6b) .
Desmosomes were usually found in the proximal and lateral cell membranes during the late stage of matrix formation. The long gap and/or tight junctions, interdigitations and well-expanded intercellular spaces with microvilli were seen in the lateral cell membranes (Figs. 5a, b) . The electron-lucent flocculent or fine granular materials in the distal expanded intercellular spaces were always seen in the late stage of matrix formation (Fig.  6c) , but cases where the membrane of the secretory granules fused with the cell membrane and substances were discharged into the space between the i. d. e. cells and the basal lamina, which were interpreted as a form of exocytosis, were rarely seen at the distal margin.
A large number of coated vesicles and pockets of distal cell membranes, which were interpreted as a form of pinocytosis, were continuously seen at the distal margin. Electron-dense granular substances contained in the pockets of the distal cell membrane were usually present and sometims continued in the tooth matrix through the basal lamina. The basal lamina was still present (Figs. 6c,  7a ). In the tooth matrix, collagen fibers mainly arranged parallel to the long axis of the tooth, matrix vesicles, the same substances as were present in the pockets of the distal cell membrane of i. d. e. cells and fine flocculent substances scattered throughout the majority of the matrix were evident. The long processes of odontoblasts disappeared from the tooth matrix. Near the basal lamina, fine filamentous structures were seen to continue from the basal lamina and irregular collagen fibers existed around them. In the late stage of matrix formation just before the stage of mineralization, the i. d. e. cells surrounding the tips of the teeth became taller. In the cytoplasm of these cells, abundant rough endoplasmic reticulum mainly arranged parallel to the long axis of the cells disappeared and secondary lysosome-like bodies were often seen in the cytoplasm. In the distal cytoplasm, organella free zones and infoldings of the distal cell membrane appeared and the basal lamina disappeared from the portions where infoldings of the distal cell membrane were seen (Fig. 7b) .
In the stage of maturation, the tips of the teeth became more electron-dense than other mineralized portions and massed needle-like crystals were seen at the tips, but notably big crystals were not seen (Fig. 8a) . On the other hand, in the observations of demineralized specimens, the tips of the teeth were found as electron-lucent and non-structure portions except for a few filmy structures or fine granular substances existing along the distal margin of i. d. e. cells (Fig. 8b) .
In the shaft portion of the tooth matrix, collagen fibers, electron-dense small granular substances constituting an irregular network and fine flocculent substances scattered in the matrix were evident. The boundary between the clear tip portion and the substantial shaft portion was relatively plain and seemed to be the front of absorption (Figs. 9a, b) . The i. d. e. cells surrounding the clear tip portion became remarkably taller and clear.
The nuclei still lay proximally, but became smaller, then the nuclei free zones at the distal portions of the cells became almost twice as long as the proximal parts containing the nuclei. Wide spread and well-developed Golgi apparatus appeared in the distal portions of the nuclei (Fig. 8a) . Abundant Golgi lamellae, vesicles and vacuoles were widely distributed (Fig. 9c) . Granules containing the electron-lucent flocculent or fine granular materials, electron-dense primary and secondary lysosome-like bodies and multivesicular of cap enameloid in dog salmon became clear at this stage. On the contrary, the smooth endoplasmic reticulum and smooth vesicles had a tendency to increase in the distal cytoplasm (Fig.  10b) . Oval and bacilliform mitochondria lay scattered in the cytoplasm. In the distal portion, a ruffled border in the shape of a plate was remarkably present and the cytoplasm between the infoldings of the distal cell membranes was seen as organella-free (Figs. 10a,  b) . In the cytoplasm immediately proximal to the ruffled border, the presence of concentrated smooth and coated vesicles, smooth endoplasmic reticulum, vacuoles and expanded intermembrane spaces containing fine granular electron-lucent materials being seen to continue the membranes of the ruffled border was a feature at this stage (Fig. 10b) .
Electron-dense primary and secondary lysosome-like bodies, multivesicular bodies small and medium granules containing electronlucent flocculent materials, small vesicles and microtubules usually arranged parallel to the long axis of the cells were often seen in the distal cytoplasm (Figs. 10a, b) . The lateral cell membranes became relatively straight and well-expanded intercellular spaces could not be seen at this stage. Desmosomes were usually found at the portion immediately proximal to the ruffled border. The long gap and/or tight junctions, interdigitations were always seen in the lateral cell membranes (Figs. 8a, 10a) . Still in the stage of maturation, a remarkable ruffled border was not of cap enameloid in dog salmon hypermineralized and collagen free. Such features indicate that cap enameloid exists at the tips of the teeth in juvenile.
On the other hand, in the tooth germs of adult, clear or weakly basophilic portions of the tips of teeth were not observed in demineralized specimens stained with Azan, Van Gieson and H-E stains, nor were radiopaque portions of the tips of the teeth observed in microradiograms.
It seems that cap enameloid is absent at the tips of the teeth in adult.
The structure of erupted teeth observed in the juvenile was different from that observed in the adult; The erupted teeth of juvenile were small conical teeth, fusing with the jaw bone and consisted of homogenous dentine which did not contain cells and processes of cells, but containd a wide pulp cavity. On the other hand, the erupted teeth of adult consisted of three components, that is to say, homogenous dentine (outer layer), characteristic vasodentine (inner layer) and a relatively narrow pulp cavity. Moreover, a remarkable pedicle indicating an intermediate structure between vasodentine and jaw bone was also found in adult. Therefore, it is probable that there is a difference in the presence of cap enameloid between juvenile and adult. The structure of teeth in juvenile may possibly indicate a primitive form, phylogenetically. However, further studies are necessary to determine when the difference in teeth structure between juvenile and adult occurs during their life span.
2, Role of the inner dental epithelial cells during the stage of matrix formation At the stage of matrix formation, the i. d. e. cells came to exhibit well-developed rough endoplasmic reticulum, Golgi apparatus, mitocondria, secretory granules, lysosome-like bodies and microtubules and were seen to begin secretory activity. In the distal cytoplasm, large secretory granules containing electron-lucent flocculent or fine granular materials were often seen and the same materials contained in the secretory granules were also commonly seen in the expanded distal intercellular spaces.
This suggests that the secretory granules are formed in the Golgi apparatus and migrate to the distal portion and discharge electron-lucent flocculent or fine granular material at the distal margin to the extracellular space between the distal cell membrane and the basal lamina or distal intercellular space. Experiments with autoradiography (Shellis and Miles, 1974)5) have confirmed that the i. d. e. cells secrete matrix protein and the results of histochemical studies of cap enameloid matrix (Shellis, 1975) In the case of mammalian ameloblasts during maturation of enamel, complex foldings of the distal plasma membrane and accumulation of mitochondria can be seen in the distal portion. The ameloblasts of mammal in this stage may be involved in the selective removal of organic materials from the tooth matrix (Eisenmann, 1980; 15) Yaeger, 1976) 16) It is assumed that the function of i. d. e. cells surrounding the cap enameloid in dog salmon may be almost similar to the case of mammalian ameloblasts during the maturation of enamel. However, one of the difference between the two is the ability to absorb collagen fibers; in the dog salmon, it is sufficient to consider that absorptive i. d. e. cells also absorb collagen fibers from the tip of the tooth. Consequently, the i. d. e. cells of dog salmon during formation of the cap enameloid have the ability to absorb collagen fibers. The loss of all or part of the collagen fibers from the matrix during maturation of the enameloid is a prominent feature of enameloid (Shellis, 1978) 3) and Shellis (1978) 3) seems certain that the matrix protein including collagen extruded from the enameloid is transported into i. d. e. cells by way of the ruffled border and broken down enzymatically inside the cells and that mineral salts in large quantities probably enter the enameloid across the ruffled border. It is assumed that a process similar to that of Shellis's hypothesis exists in juvenile dog salmon.
During maturation of enamel in mammal, maturation also involves the rapid influx of calcium and phosphate ions and this action permits the rapid crystal growth which occurs to occupy the spaces formed as organic material and water are removed. However, the role of the ameloblast concerning the influx of these ions is not completely understood (Eisenmann, 1980)15) . In the dog salmon, in spite of massed crystals, notably big crystals were not seen in the cap enameloid; the activity involving the influx of cal-of cap enameloid in dog salmon cium and phosphate ions may be weaker than the activity of absorption of the organic tooth matrix in comparison with other animals. However, some problems also arise.
Until almost the stage of matrix formation, the results so far indicate no the fundamental differences of i. d. e. cells between cap and collar enameloid except for the degree of development and the late stage just before the stage of mineralization as described above. After the late stage of matrix formation, the differences between the two becomes considerable.
The most important difference between the two was the appearance of the ruffled border at the distal portion.
In the i. d. e. cells surrounding the cap enameloid, it is considered that the major part of participation in tooth formation occurs at the stage of maturation, that is, when the ruffled border appears at the distal portion of i. d. e. cells and that in the dog salmon their most important function is absorption of organic materials containing collagen fibers from tooth matrix. This result agrees with the results of observations of other fish having thick enameloid, that secretory granules generally appear during the stage of maturation in fish (Wakita, 1974; 17) 
